ABSTRACT -The objective of this study was to evaluate the performance of 17 buffaloes (Mediterranean), from birth to slaughter age (720 days) with monthly measures of weight, thoracic perimeter, body length, and height at withers. At the end of experimental period, the animals were separated into two different groups for statistical analysis according to slaughter weight: light body weight (LBW, mean 517 kg) and heavy body weight (HBW, mean 568 kg). Buffalo growth occurs in the same way up to weaning age, and after that, two distinct groups grow in different forms in the same conditions of management and feeding. Body weight can be estimated according to age, thoracic perimeter, height, and length, showing high correlations. Buffaloes show growth in a sigmoid-curve model.
Introduction
In Brazil, buffaloes are raised mainly for milk production. However, they also have a great potential for meat production, which can be used to increase the profits of farms.
Scientific advances are needed to improve buffalo production systems, including genetic improvement of herds. Studies on the animal body development are relevant in the selection of animals to optimize their weight gain by identifying the characteristics of the various factors that influence their growth performance, such as breed, gender, and nutrition (Grant and Helferich, 1991; Oliveira, 2005) .
Body weight gain after weaning in buffalo represents the growth vigor of the animal, which is a substantial feature in the selection of animals (Moran, 1992) . Therefore, body weight is the most commonly used criterion for assessing the growth of animals. However, the development of each animal is better measured when body weight is associated with measures of bone growth and body length. The height at withers reflects height growth (bone growth), while the body weight reflects also the growth of organs, muscle, and adipose tissue. The thoracic perimeter can be an alternative measure to estimate the body weight in animals. Several literature data report a high correlation between body weight and thoracic perimeter; however, these studies were developed with the Holstein cattle breed, and the data are not applicable to other breeds and other ruminant species, such as the bubaline (NRC, 2001) . Freitas (2005) evaluated the growth curve in eight species of domestic animals, but not buffalo, using seven nonlinear models, where the logistical model was identified as the most appropriate to measure the data of animal growth. In another study, the Logistic model was the best to describe the growth curve of buffaloes grazing on a tropical pasture in Cuba (Torres et al., 2009) . The Logistic and Gompertz models were also recommended for growth curve in Murrah buffaloes (Araújo et al., 2012) .
The aim of this trial was to determine the growth curve in buffaloes, studying the correlation among body weight, age, body length, thoracic perimeter, and height at withers in male buffaloes raised exclusively on a tropical grass during 720 days, allocated to two groups according to the final slaughter body weights.
Material and Methods
The experiment was conducted in Pirassununga, São Paulo State, Brazil, according to proceedings approved by the Animal Research Ethics Committee. During 720 days, measurements of body weight, thoracic perimeter, height at withers, and body length were taken every 28 days in 17 male buffaloes of the Mediterranean breed born between March and May, from birth to slaughter weight, generating a total of 1,700 data. At the end, the animals were separated into two groups according to slaughter weight for the statistical analysis of the evaluated parameters, constituting two treatments: low body weight (LBW), with nine animals and 517 kg of average slaughter weight; and high body weight (HBW), with eight animals and 568 kg of average slaughter weight.
The female buffaloes were exploited for milk production in which they were milked once daily, beginning at around 07.00 h. The herd consisted of animals of low milk production (mean 4.4 kg of milk/animal/day). During the first 20 days of milking, one teat of the udder was reserved for calf sucking. Immediately after each milking session, the calves remained with their mothers on a tropical grass pasture, Brachiaria brizantha cv. Marandu, at up to 13.00 h, and then kept inside facilities for calves. The calves' housing was an indoor collective facility, with concrete floor and solarium paddock with the same grass. All calves received feed supplementation with grass hay (ad libitum), and as the group of calves was homogeneous, the supplementation concentrate was provided in a fixed amount of 0.3 kg/animal/day until weaning.
After weaning, the calves (7-8 months age) were maintained on pasture, supplemented with corn silage (6 kg/ animal/day) and concentrate (0.6 kg/animal/day) during the first month. In the second month, the animals received only concentrate supplementation, and from the third month they were put on grazing with a mineral supplement containing the following elements (g/kg of total mix): P (85 g), Ca (130 g), magnesium (5 g), S (25 g), Na (156 g), Cl (240 g), Zn (5,000 mg), Cu (1,500 mg), Fe (1,700 mg), Mn (1,250 mg), Co (120 mg), I (120 mg), Se (15 mg), and Fl (maximum 850 mg). All the animals were castrated upon weaning.
The animals were weighed on a calibrated livestock scale. The thoracic perimeter was measured with a measuring tape placed just behind the hind limbs, making up the circumference around the chest with the animal positioned properly. The height at withers was measured with an adjustable ruler placed next to forelimbs just ahead of the defined location for measuring the thoracic perimeter. The body length was measured using a tape measure in a straight line between the scapularhumeral joint and the thigh tuberosity of the ileum. All measurements were adjusted to 30-day intervals according to the following equation: AdjM = PrM + (ADGw*30), in which: AdjM = adjusted measure; PrM = previous measure; ADGw = average daily gain in body weight.
The PROC GLIMMIX procedure of SAS (Statistical Analysis System, version 9.3) was used for comparison of means, and the statistical model included covariates like animal's date of birth, category, and age (adjusted data). In addition, the measures of body weight (kg) and age (days) of the animals were adjusted to nonlinear Logistic models using statistical software (Statsoft 2013, version 12): y = A (1 + e −Kt ) −M + ε, in which y = weight of the animal at an age (t); A = asymptotic value of yt (average maturity weight); K = rate of change of the exponential function (maturation rate, referring to the relative growth rate until reaching the mature weight); M = the parameter that shapes the curve; e = the natural logarithm base; and ε = the random error associated with each weighing. This model was chosen because it was reported as the best model to describe growth in animal (Freitas, 2005) and buffalo production (Araújo et al., 2012) .
Results and Discussion
The average body weights obtained from birth to slaughter in both groups (LBW and HDW) showed excellent buffalo performance on an extensive grazing system (Table 1 ) compared with other investigations with buffaloes raised on tropical grasslands in Brazil (Nogueira et al., 2000; Jorge et al., 2005; Malhado et al., 2008) , confirming the wide variation in the potential of buffalo to gain weight according to the animal genetic potential, management system technique, forage potential, milk production, etc. No differences (P<0.05) were observed between groups of animals in body weight, age, body length, thoracic perimeter, or height at withers at birth, demonstrating the homogeneity of all animals at the beginning of the experiment.
According to Nogueira et al. (2000) , buffalo calves with a higher birth weight often tend to gain weight faster before and after weaning. The animals in HBW showed less weight variation (standard deviation) than LBW, characterizing the group as more homogeneous in all weightings.
Both buffalo groups began to differentiate in body weight at weaning age (210 days) (Figure 1 ). According to Moran (1992) , weight gain after weaning demonstrates the vigor of animal growth, representing a striking feature in the animals' selection process. Therefore, after weaning, animals can be separated into categories with propensity to more or less body weight gain, which is an important feature for selection of breeding or fattening management groups. Significant differences were observed between the two animal groups after 180 days of age in height at withers (Figure 2) , 210 age days in body length (Figure 3) , and 270 age days in thoracic perimeter (Figure 4) . In this last parameter, greater chest expansion was indicated in heavier animals. In general, both groups grew in the same way while in the nursing period. Therefore, the growth curve had a different model for each category (HBW and LBW) with only few exceptions.
The body weight data had a higher correlation with the animals' age regardless of the categories (HBW, LBW, and total) when adjusted with the Logistic model ( Table 2 ). The biological interpretation of the curve shows that the large values of K indicate early maturity, while small K values represent the late maturity of the animal. Genetic and environmental factors influence the body weight-age curve or the asymptotic weight (A). The inflection point of the curve was determined according to the slope (M) (Brown et al., 1976) as 239.8 kg for LBW group, 249.3 kg for HBW, and 244.0 kg for all animals. The inflexion is the changing point on the growth rate that is characterized by decreasing development growth. The weight changing rate is maximum at the inflexion point. The age estimates by non-linear equation for LBW, HBW, and for total animals showed inflection points at 242, 256, and 248 days, respectively. The average mature weight (A) of 578.4 kg (Table 2) was higher than that observed by Araújo et al. (2012) with Murrah buffaloes also adjusted to 428.8 kg by the Logistic model. However, the animals showed lower values for K = 0.0069 and M = 4.089, and also a higher maturity weight than that observed with growing buffalo females in Cuba, A = 546.3 (Torres et al., 2009 ). The lower maturity rate observed can be related to a greater maturity weight.
The weight-age curve obtained is the sigmoid type ( Figure 5) , in which the A value provides an indication of the weight at which the animal reaches maturity, and was similar to that obtained in sheep performance with the Von Bertalanffy model (Freitas, 2005) . In cattle, Brody (1945) established the growth curve as sigmoid type with two distinct phases. In the first phase, growth is accelerated until puberty, predominantly bone growth and muscle tissue stimulated by the release of growth hormone. In the second phase, after puberty, growth is slowed due to increased action of steroid hormones that increase the deposition of adipose tissue (Grant and Helferich, 1991) . These data also corroborate Owens et al. (1993) , who showed that weight in relation to age is a sigmoid curve, in which the gain is accelerated until puberty, and the inflection point can be observed, and then the gain becomes slower until maturity. The buffaloes had good weight gain, with differences in the evaluated growth periods (Table 3 ). The daily weight gain was higher in heavy animals from birth to weaning (P<0.036), with an improvement in performance of 12.5% in heavy animals (0.856 kg/day) compared with light animals (0.761 kg/day), and from weaning to weight of 360 days age (P<0.073), reflecting the higher growth momentum of animals during the first year of life. After one year of age, no significant differences were observed due to a dry period, with a low weight gain (mean 0.404 kg/day) up to 540 days, and thereafter at the final stage, with a steeper gain (mean 0.777 kg/day). Thus, the effects of environment and management are directly related to the growth of buffalo in the same conditions, differentiating groups of different animals within the same herd. The nonlinear regressions for the estimate of weight (kg) in relation to age (days), thoracic perimeter (cm), body length (cm), and height at withers (cm) were highly significant (P<0.01; R 2 = 0.95 to 0.97; Figure 6 ). The best correlation was between body weight and thoracic perimeter (R 2 = 0.9684). Thus, body weight in buffaloes can be estimated with measurements of thoracic perimeter in places with difficult access for the scale, using the following equation: y = 0.000451 (x 2.6387 ), in which y = weight (kg) and x = thoracic perimeter (cm).
Conclusions
Male Mediterranean buffaloes grazing on tropical grasslands show the same growth body weight curves from birth to weaning age (around 210 days), but after that, there is a greater differentiation in the growth until slaughter weight (720 kg) in animals raised in the same condition within the same herd. Measures of thoracic perimeter, age and height at withers can be used to estimate the body weight of buffalo. Buffalo show growth in a sigmoid-curve model.
